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Apologies

I am not Prof. Mourou, sorry.

He wants to come here, but 
couldn't,  because of 
ñunexpected eventò.

He asked me to present his 
talk instead of him.
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SPACE DEBRIS:  Range from Meter to submm -
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Strategy for Space Cleaning Challenge:

Gros Debris  

Gros Debris
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De-orbiting by space based laser

ÅShort distance

ÅAbsence of atmospheric distortions

ÅPs pulse duration for ablation

Space based 
laser

Earth based 
laser

Ablation jet is the most efficient way of changing the orbit by applying a laser

Only few Joules at ~ kHz rep rate is enough for the de-orbiting of small scale (up to 
10 cm in size) space debris

G.Mourou et al (2013 ?):  ICAN laser for space debris removal

Advantages of space location

[Phipps, C. and H. Friedman, ORION: 
clearing near-Earth space debris using a 20-
kW, 530-nm Earth-based, repetitively pulsed 
laser. Laser]

[Ebisuzaki, T., et al., Demonstration designs 
for the remediation of space debris from the 
International Space Station. Acta 

Astronautica, 2015. 112: p. 102ï113]



Precise Orbital Debris Parameters:  High Energy-Ultra 

short Pulses 

Why High Energy and Short Pulse ?
How to solve the High Energy Short Puls quandary ?

1 High energy and short pulse  for precision ranging  <<1mm       
over long distance (1000km)  109/ 1

2. Precision measuring Shape with Sub mm precision
3. Very high peak power for laser-induced breakdown and 
plasma ejection. 

a. deorbiting by rocket effect
b. elemental analysis for material identification

30mm

1000 km



SPACE DEBRIS - A state of emergency!
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Solving the Energy-Short Pulse Quandary (CPA)
G.Mourou D. Strickland (1985)

Nobel Prize in Physcs 2018



Laser for Debris Mitigation
High energy, Short Pulse, High Rep. rate, Efficiency

Optical fibres can also be use as lasers!



SPACE DEBRIS - A state of emergency!

Seeking a laser with: 
Short Pulse 100fs 
High energy  Joules
High Repetition (high rep.rate) :kHz
High efficiency 30%

Starts with a single fibre laser
Fibre is spliced into 10,000 fibres

XCAN ïX Coherent Amplification Network



64 CW fibers have been phased
(This experiment in fact validates an extension possible  to >104 phased  fibers at 1kHz)  



61 channels
350 fs

>10 mJ
50 kHz

Expected performances



Alternative approach based on a disk laser

Main ideas for space based disk laser are

Åcomposite active element                           simpler optical scheme 

Åreduced duty cycle pumping                     passive cooling of AE and pumping diodes

Passively cooled heat exchanger

100 mm CVD-diamond

Yb:YAG (D = 50 mm, h = 0.5 mm)

YAG (D = 50 mm, h = 3 mm)

75 kW peak power 
pump (0.2ms/500Hz)

ÅAll components (including pump modules are 
available)

ÅBurst mode regime is more attractive from the 
pint of view of thermal task in AE

Å4 Laser heads in multipass scheme will be enough for high 
gain amplifier

ÅCPA-free amplification is possible for ~100 ps pulses

Åbut, a lot of adjustable optics will lead to weak point-to-point 
stability in range of tens of ��rad


